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It has been proposed that ultrasowmd estimation of left ventricular volume, ejection fraction, and the mean rate of circumferential fibre shortening (mean VCF) may be inaccurate in patients with abnormalities of left ventricular wall motion. Accordingly, we measured left ventricular dimensions by echocardiography in 36 patients undergoing biplane left ventricular cineangiography, 21 of whom had an abnormal pattern of left ventricular wall motion. In I9 instances this was due to coronary artery disease and in 2 cases to primary myocardial disease. In the i_5 patients with normal wall motion, the end-diastolic volume corrected for body surface area (end-diastolic volume index) was normal in all but one instance by both echo and cine, while in the group with abnormal wall motion, 8 had an enlarged end-diastolic volume index measured by both techniques, and io were normal by both methods; in 3 patients the measurements were discordant. With the exception of 4 patients with abnormal wall motion and I with normal wall motion, the ultrasound method separated those patients with a normal from those with a reduced ejection fraction. By contrast, all patients with wall motion abnormalities had depressed left ventricular performance as judged by the mean rate of circumferentialfibre shortening (mean VCF) calculated either by cineangiography or by echocardiography.
We conclude that echographic assessment of left ventricular volume may be subject to error in individual patients, especially those with an enlarged left ventricular chamber in whom conventional assumptions regarding the ellipsoid shape of the normal left ventricular cavity may not be valid. However, calculation of ejection-phase measures of left ventricular performance, especially mean VCF, the estimation of which does not require any assumptions regarding left ventricular cavity size or shape appears to be valid even in the presence of disordered left ventricular wall motion.
Recent reports have confirmed the usefulness of ultrasound echocardiography for the measurement of left ventricular dimensions (Popp et al., I969) , ejection fraction (Pombo, Troy, and Russell, 197I) , and the mean rate of circumferential fibre shortening (mean VCF) (Cooper et Of the I5 patients in whom a normal pattern of left ventricular wall motion was observed, cardiac performance was judged to be normal in I3 by the criteria mentioned above; in the remaining 2 patients, the left ventricular end-diastolic pressure at rest was mildly raised. Significant coronary artery disease was present in 7 of these patients, while billowing mitral leaflets were observed in 3. The remaining 5 patients were considered to be free of cardiovascular disease.
Cardiac catheterization was performed in the postabsorptive state, after premedication with I00 mg pentobarbitone sodium given intramuscularly. All patients were in sinus rhythm at the time of study. Left ventricular catheterization was performed by the retrograde arterial technique, and biplane left ventricular cineangiograms were recorded at 75 frames/sec after the intraventricular injection of 40-50 ml 75 per cent sodium diatrizoate over a 2 to 3 sec period. All beats analysed represented ventricular contractions originating from normal electrical depolarization, and none was preceded by extrasystoles. End-systolic and end-diastolic left ventricular volumes were obtained by the area-length method for biplane ventriculograms (Dodge et al., I960) and the ejection fraction calculated from these measurements (Dodge et al., I966) . The mean velocity of circumferential fibre shortening [mean VCF] was derived from the lateral projection of the left ventriculogram by calculating the shortening of a chord drawn perpendicular to the long axis of the ventricle at one-third the distance from the midpoint of the mitral valve plane to the cardiac apex. This chord was selected for comparison, since it corresponds most closely to the plane of the ultrasound beam (Cooper et al., I972) . The extent of shortening was divided by the ejection time, and this result in turn normalized for end-diastolic circumference, and the result expressed in circumference (circ)/sec (Karliner et al., 197I) . This method enables comparison among patients.
Methods of echocardiographic measurement of left ventricular performance have previously been described in detail (Cooper et al., I972) . A commercially available ultrasonoscope (Ekoline 20, Mark II, Smith-Kline) was employed, using a 2-25 mHz, I-9 cm unfocused transducer with a repetition rate of I000 impulses per second. The standard technique of examining a hypothetical chord through the minor diameter of the base of the left ventricle was followed. Anteriorly, ultrasound reflections were obtained from the interventricular septal endocardium, and posteriorly from the opposed area of posterior wall endocardium immediately inferior to the mitral valve echo (Fig. i) . Careful visualization of the 'x' line, representing echoes from the mitral valve supporting apparatus, ensured both accurate definition of left ventricular endocardium and consistent localization of the ultrasound beam. Polaroid photographs of the 'time-motion' echo display were recorded directly from the oscilloscope face. In each case, end-diastolic and end-systolic volumes were calculated by the cube method (Pombo et al., I971), using the average of 5 beats. Ejection fraction and mean VCF were also calculated using previously described methods (Fig. I ) (Cooper et al., I972) . All ultrasound examinations were performed in the supine basal state within 24 hours of cardiac catheterization. Previous studies from this laboratory have shown that echo mean VCF by this technique is reproducible within 6 per cent (Cooper et al., I972) .
Results

End-diastolic volume
In the I5 subjects with normal wall motion, enddiastolic volume, calculated by echo averaged I46±49 (±I SD) ml, and by cine II7±36 ml, while in the 21 patients with abnormal wall motion echo end-diastolic volume averaged 227 ± 9I ml, and the average by cine was 20I ± 88 ml (Table, Fig. 2 , left panel). In Fig. 2 , the two points lying outside the 95 per cent confidence limits represent two patients with severe anterior akinesis. In the patients with larger volumes, a greater difference was seen between the echographic and cineangiographic measurements. Despite these discrepancies in individual patients, however, there was a highly significant correlation between these two measurements for the whole group (r = o-85, P <o-oooi), and if only the group with wall motion abnormalities is considered, the r value was o-83 (P < O-OOOI).
End-diastolic volume index
In the I5 patients with normal wall motion, enddiastolic volume index estimated by echo averaged 79±22 ml/m2 and by cine 65 ± 20 ml/m2, while in the 2I patients with abnormal wall motion the echographic estimate averaged I25 ± 53 Ml/m2 compared with the cine value of I I I + 50 ml/m2 (Table, Fig. 2 , right panel). A very high degree of concordance was seen in the group with normal wall motion, all but i of whom had a normal end-diastolic volume index measured by either method. In the group with abnormal wall motion, 8 had an enlarged end-diastolic volume index measured by both techniques. In 3 other patients with abnormal wall motion, however, the 2 measurements were discordant (Fig. 2 , right panel, right lower and left upper quadrants). However, for the entire patient group there was a highly significant correlation between these 2 estimates (r = o-86, P < o-oooi).
Ejection fraction
In the IS patients with normal wall motion, the ejection fraction averaged o-66 ± o-og measured by ultrasound, and o-67 ± 0o-9 by cineangiography. In the 2I patients with abnormal wall motion, echo measurement of the ejection fraction averaged 0-44 ± OI2, while cine ejection fraction averaged 0-39 ± 0I3 (Table, Fig. 3 ). With the exception of 5 patients with abnormal wall motion, and i with normal wall motion, the ultrasound method separated those patients with normal from those with a reduced ejection fraction (Fig. 3) patient group, there was a highly significant correlation between the echo and cine measurements of ejection fraction (r = o84, P < O OOOI).
Mean rate of circumferential fibre shortening (mean VCF)
For the IS patients with normal wall motion, mean VCF measured by echo averaged I 26 ± 0-24 circ/sec, and by cine I -64 ± 0o55 circ/sec. For the 2I patients with abnormal wall motion, echo mean VCF averaged o-67 ±02I circ/sec, and cine mean Vcp averaged o-65 ± 0 23 circ/sec (Table , Fig. 4 ). All patients with wall motion abnormalities had depressed left ventricular performance as judged by mean VCF calculated either by cineangiography or by echocardiography. Similarly, in patients with normal wall motion, both echo and cine estimates of mean VCF were in good agreement, with the exception of 3 patients. The 2 patients depicted in the right lower quadrant of Fig. 4 both had billowing posterior mitral leaflets.
Discussion
For conventional echocardiographic measurement of left ventricular volume and ejection fraction, the end-diastolic and end-systolic distances between the opposing endocardial surfaces of the interventricular septum and posterior wall immediately FIG. 4 Mean VCF derived by cineangiography is plotted against mean VCF calculated by echocardiography. A highly significant correlation is apparent. The crossed lines represent the lower limits of normal for each measure (Cooper et al., 1972 (Fig. 2) . However, correlation between the ultra- Comparison of ultrasound and cineangiographic measurements 1031 sound and cine measurements remained highly significant even when only those patients with wall motion disorders were considered (Table, Fig. 2) . Further, in comparison with the cineangiographic measurement, the echo technique retained its ability to separate normal from increased left ventricular volume, though greater scatter was observed in patients with abnormal wall motion.
Despite these inaccuracies in the single measurement of end-diastolic volume, however, it should be emphasized that similar, and in most instances proportionate, deviations in end-systolic volume occurred. Thus, the calculated relation between end-diastolic and end-systolic volumes, i.e. the ejection fraction, correlated significantly with the cineangiographic measurements. Furthermore, when the time factor of ejection was taken into account, as in the calculation of mean VCF, very close correlation with the cineangiographic estimate was found, and the ability to distinguish normal from impaired left ventricular function became quite accurate. This finding is in keeping with previous reports from this laboratory, in which mean VCF has proved a reliable means of distinguishing normal from reduced left ventricular performance (Karliner et al., I97I; Cooper et al., I972) . It is of interest that 2 patients with apparently normal wall motion, in whom mean VCF was reduced both by cine and by echo, had billowing posterior mitral leaflets. In the presence of the latter, a decreased extent and rate of circumferential fibre shortening in the proximal ventricular segment have recently been reported (Leidtke et 
